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Nineteen young athletes with documented symptomatic 
tachyarrhythmia were systematically evaluated. There 
were 15 men and 4 women, aged 14 to 32 years (mean 
22 ± 6). Documented tachyarrhythmias were parox•
ysmal atrial fibrillation in five patients, paroxysmal 
supraventricular tachycardia in five, paroxysmal ven•
tricular tachycardia in eight (sustained in five, nonsus•
tained in three) and ventricular fibrillation in one pa•
tient. Abnormal substrates were demonstrated in 15 (79% ) 
of the 19 athletes: 5 had an anomalous atrioventricular 
(A V) pathway and 10 had heart disease (mitral valve 
prolapse in 9 patients and dilated cardiomyopathy in 1 
patient). In 13 (68%) of the 19 athletes, all spontaneous 
attacks oftachyarrhythmia had started during strenuous 
Trained athletes differ from untrained individuals in several 
respects and are frequently considered a distinct group (1-3), 
Some of the patients referred to our laboratory because of 
symptomatic tachyarrhythmias have been trained athletes 
and have been systematically evaluated. In this report, we 
describe our experience with these athletes. We characterize 
their arrhythmias, the relation of the arrhythmias to exercise 
and the underlying substrates for the arrhythmias. We also 
scrutinize the ability to induce the arrhythmias with pro•
grammed cardiac stimulation or to provoke them with tread•
mill exercise or infusion of isoproterenol. 
Methods 
Patient selection. The criteria for inclusion in the pres•
ent study were I) referral to the University of Illinois Hos•
pital or the West Side Veterans Administration Hospital 
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exercise. Tachyarrhythmia that closely resembled clin•
ical arrhythmia was induced by programmed cardiac 
stimulation in 13 athletes (68%) and was reproducibly 
provoked by treadmill exercise in 8 athletes (42 % ). In 
four of seven athletes with ventricular tachycardia, 
tachycardia closely resembling clinical arrhythmia was 
provoked by infusion of isoproterenol. 
In summary: 1) young athletes can have any of several 
tachyarrhythmias; 2) abnormal substrates can be dem•
onstrated in many athletes with symptomatic tachyar•
rhythmia; and 3) tachyarrhythmias in young athletes 
frequently occur during exercise. 
(J Am Coil Cardiol 1986;7:237-43) 
between January 1979 and August 1981 for evaluation of 
an electrocardiographically documented symptomatic tachy•
arrhythmia; 2) an age of 35 years or less; 3) athletic training, 
defined as regular (usually daily) performance of strenuous 
dynamic or isometric exercises, for at least I year before 
referral; and 4) consent to performance of cardiac electro•
physiologic studies. Twenty patients met the first three cri•
teria and only one of these patients declined to undergo 
electrophysiologic studies. The other 19 patients are the•
subject of this report. 
There were 15 men and 4 women, aged 14 to 32 years 
(mean 22 ± 6). Eleven patients participated in competitive 
athletics on one or more high schooL college or semi•
professional teams. The other eight patients, although only 
recreational athletes, had also trained strenuously and con•
tinuously. Of the 19 patients. 5 had paroxysmal atrial fi•
brillation, 5 had paroxysmal supraventricular tachycardia, 
8 had paroxysmal ventricular tachycardia and I had ven•
tricular fibrillation. 
Clinical evaluation. Electrocardiograms documenting 
tachyarrhythmias were obtained from referring physicians 
and reviewed. Paroxysmal atrial fibrillation, paroxysmal 
supraventricular tachycardia. paroxysmal ventricular tachy•
cardia and ventricular fibrillation were diagnosed using stan•
dard electrocardiographic criteria (4). 
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The patients were carefully questioned regarding the ap•
proximate data of each attack of tachyarrhythmia, the re•
lation to exercise and the duration of each attack, symptoms 
associated with attacks and treatment with direct current 
countershock. An attack was considered to be sustained if 
it lasted at least two minutes or required countershock and 
nonsustained if it terminated spontaneously within two min•
utes. Attacks were considered to be frequent if they occurred 
more than once a month and sporadic if they occurred less 
frequently. Tachyarrhythmias were considered to be exer•
cise provoked if all attacks had begun during or immediately 
after strenuous exercise. 
The patients were evaluated for the presence of heart 
disease by history, physical examination, electrocardiog•
raphy at rest, chest X-ray film, echocardiography (both M•
mode and two-dimensional), radionuclide imaging and, when 
clinically indicated, cardiac catheterization with coronary 
arteriography. 
Electrophysiologic studies. The patients were studied 
in the postabsorptive nonsedated state after cardioactive drugs 
had been discontinued for at least 72 hours and informed 
written consent had been obtained. Standard electrophysi•
ologic techniques, as previously described by studies from 
this laboratory (5-7), were employed. The routine protocol 
of programmed cardiac stimulation included: 1) extrastim•
ulus testing from the high right atrium during sinus rhythm 
and at least one shorter (paced) atrial cycle length; 2) in•
cremental pacing from the high right atrium to a rate at 
which second degree atrioventricular (A V) block occurred; 
3) extrastimulus testing from the right ventricular apex cou•
pled with a ventricular (paced) cycle length of 450 to 600 
ms; and 4) incremental pacing from the right ventricular 
apex to a rate at which second degree ventriculoatrial (V A) 
block occurred. 
After these routine studies had been completed, more 
specific electrophysiologic studies were performed. In pa•
tients with paroxysmal atrial fibrillation, attempts to induce 
atrial fibrillation included pacing the high right atrium at 
short cycle lengths (100 to 300 ms) (6). In patients with 
paroxysmal supraventricular tachycardia, attempts to induce 
this arrhythmia included the use of two extrastimuli (SIS2S3 
stimulation) from the high right atrium. When only brief 
self-terminating tachycardia was induced, intravenous atro•
pine (1 to 2 mg) or isoproterenol (0.5 to 5.0 JLg/min) was 
administered and programmed stimulation was repeated (8). 
Standard criteria were used to diagnose the mechanism of 
induced supraventricular tachycardia (5). In patients with 
ventricular tachycardia or fibrillation, attempts to induce 
these arrhythmias included the use of two ventricular ex•
trastimuli (S IS2S3 stimulation) and bursts of ventricular pac•
ing to a rate of 250 beats/min (7). In addition, three ven•
tricular extrastimuli (S I S2S3S4 stimulation) were used in one 
patient (see Results). 
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Isoproterenol infusions. Isoproterenol was infused in 
eight of the nine patients with documented ventricular tachy•
cardia or fibrillation. The infusion was begun at a rate of 
0.5 JLg/min with increases every 2 minutes to 1.0, 1.5, 2.0, 
3.0,4.0 and finally 5.0 JLg/min (9). The infusion was ter•
minated when tachycardia (even nonsustained tachycardia) 
was provoked. The programmed cardiac stimulation was 
not performed during isoproterenol infusion in these patients. 
Treadmill exercise testing. Each patient underwent at 
least one treadmill exercise test using either the Bruce pro•
tocol (10) (16 patients) or the Naughton-Balke protocol (11) 
(3 patients). The end point for these tests was extreme fa•
tigue or onset of tachyarrhythmia (even if nonsustained). 
Tachyarrhythmia was considered to be treadmill provoked 
when it reproducibly occurred during each of two or more 
treadmill exercise tests. 
Results 
Characteristics of study group (Table 1). The 19 pa•
tients were referred with a variety of tachyarrhythmias. In 
all five patients with paroxysmal atrial fibrillation, the ar•
rhythmia had been sustained with ventricular rates ranging 
from 80 to 240 beats/min (mean 154). One of these five 
patients (Case 1) had ventricular pre-excitation (Wolff-Par•
kinson-White syndrome). In all five patients with parox•
ysmal supraventricular tachycardia, the arrhythmia had been 
sustained with rates ranging from 140 to 260 beats/min 
(mean 206). One of these five patients (Case 7) had par•
oxysmal atrial tachycardia with A V block, whereas the other 
four patients had A V reentrant tachycardia using an anom•
alous pathway for retrograde conduction. The anomalous 
pathway was manifest in two patients and concealed in two 
patients. 
Eight patients had had ventricular tachycardia, with rates 
ranging from 150 to 240 beats/min (mean 198). In three of 
these patients (Cases 11, 12 and 13), ventricular tachycardia 
had been non sustained with (documented) durations of 8, 
15 and 3 beats, respectively. In the other five patients, 
ventricular tachycardia had been sustained. The QRS con•
figuration during ventricular tachycardia resembled right 
bundle branch block in two patients and resembled left bun•
dle branch block with a normal axis in two patients, with 
a right axis in two patients and with a left axis in one patient. 
In the other patient, the QRS configuration could not be 
determined because ventricular tachycardia had been doc•
umented only by rhythm strips. One patient (Case 19) had 
had ventricular fibrillation. This patient had a normal QT 
interval during sinus rhythm. 
Three of the 19 patients (Cases 11, 15 and 19) (two with 
ventricular tachycardia and one with ventricular fibrillation) 
had had only one attack of tachyarrhythmia, whereas 16 
patients had had two or more attacks (Table 1). Of these 
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Table 1. Characteristics of Study Group 
Age (yr) 
Case & Sex Substrate 
26M WPW 
2 32M MYP 
3 21M MYP 
4 20M MYP 
5 30F MYP 
6 25M CKB 
7 28M MYP 
8 17M CKB 
9 14M WPW 
10 20M WPW 
II 18F MYP 
12 32M MYP 
13 26M MYP + YSD 
14 15M None 
15 16F MYP 
16 17M None 
17 17F CM 
18 IBM None 
19 17M None 
ArrhythmIa 
PAF 
PAF 
PAF 
PAF 
PAF 
PSYT 
PSYT 
PSYT 
PSYT 
PSYT 
YT (RBBB) 
YT (LBBB-LJ 
YT 
YT (LBBB-R) 
YT (LBBB-N) 
YT (LBBB-R) 
YT (LBBB-N) 
YT(RBBB) 
YF 
Heart Rate 
(beats/min) 
240 
170 
80 
SO 
200 
250 
260 
200 
140 
ISO 
230 
150 
180 
185 
240 
220 
180 
200 
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Sustained Recurrence, 
Ye~ SporadIC 
Yes Fre4uent 
Yes SporadIc 
Yes SporadIc 
Yes Fre4uent 
Yes Frequent 
Yes Frequent 
Yes SporadIc 
Yes Frequent 
Yes Frequent 
No One attack 
No Fre4uent 
No Frequent 
Yes SporadIc 
Yes One attack 
Yes SporadIc 
Yes Sporadic 
Yes Sporadic 
Yes One attack 
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txercl,e-
Provoked 
No 
No 
No 
Ye, 
Ye, 
Yc, 
Ye, 
No 
Yes 
No 
Ye, 
Yc, 
No 
Yes 
Ye, 
Yes 
Ye, 
Yes 
Ye, 
CKB = concealed Kent bundle. CM = cardIOmyopathy; F = female; L = left aXIs; LBBB = left bundle branch block; M = male; MYP = mItral 
valve prolapse, N = normal aXIs; PAF = paroxysmal atrial fibrillation; PSYT = paroxysmal supraventncular tachycardIa; R = nght aXIs; RBBB = 
right bundle branch block; YF = ventricular fibnllation: YSD = ventncular septal defect; YT = ventncular tachycardIa: WPW = Wolff-Parklnson•
WhIte syndrome. 
latter 16 patients, 8 had frequent attacks and 8 had only 
sporadic attacks. In 13 (68%) of the 19 patients, all attacks 
of tachyarrhythmia had occurred in relation to exercise, the 
remaining 6 patients had had one or more attacks that were 
unrelated to exercise. All 19 patients had symptoms during 
attacks oftachyarrhythmia: 7 had syncope, 2 had presyncope 
and 10 had milder symptoms. Four patients (Cases 15, 16, 
18 and 19) had required one or more direct current 
countershocks. 
Substrates for arrhythmia (Table 1). There was evi•
dence of organic heart disease in 10 of the 19 patients. One 
patient with documented ventricular tachycardia (Case 17) 
had dilated cardiomyopathy; cardiac catheterization re•
vealed a dilated left ventricle with a decreased ejection frac•
tion (47%). The other nine patients with heart disease had 
mitral valve prolapse diagnosed by physical examination 
(seven patients), echocardiography (five patients) or left 
ventricular angiography (seven patients), alone or in com•
bination. One of the patients with mitral valve prolapse 
(Case 13) also had a small ventricular septal defect. There 
was no evidence of heart disease in the other nine patients, 
despite performance of cardiac catheterization in five of 
these patients (Cases 8, 14, 16, 18 and 19). Patients 14 and 
16 did have a slightly increased right ventricular volume, 
and Patients 18 and 19 had a slightly increased left ven•
tricular volume that was thought to merely reflect athletic 
training. The echocardiographic interventricular septum/left 
ventricular posterior wall thickness ratio was specifically 
examined; it ranged from 0.8 to 1.2 (mean 1.0 ± 0.1) and 
was normal in all 19 patients. 
Fifteen (79%) of the 19 patients had either an anomalous 
A V pathway or organic heart disease. Of the five patients 
with paroxysmal atrial fibrillation, one had an anomalous 
pathway and the other four had mitral valve prolapse. Of 
the five patients with paroxysmal supraventricular tachy•
cardia, four had an anomalous pathway and one had mitral 
valve prolapse. Of the eight patients with ventricular tachy•
cardia, four had mitral valve prolapse (one of these patients 
also had a small ventricular septal defect) and one had di•
lated cardiomyopathy. Thus, only four patients (three with 
ventricular tachycardia and one with ventricular fibrillation) 
had neither an anomalous pathway nor apparent heart disease. 
Electrophysiologic studies (Table 2). Atrial fibrillation 
at least 30 seconds in duration was induced by programmed 
atrial stimulation in each of the five patients with docu•
mented paroxysmal atrial fibrillation. Sustained A V reen•
trant tachycardia was also induced in Patient 1, who had 
ventricular pre-excitation, although this arrhythmia had never 
been documented electrocardiographically. Supraventricu•
lar tachycardia was induced by programmed stimulation in 
four of the five patients with documented paroxysmal supra•
ventricular tachycardia. Although all four of these patients 
had had sustained tachycardia, induced tachycardia was sus•
tained in only one of the patients and was brief and self•
terminating in the other three patients. However. in these 
latter three patients, induced tachycardia wa~ sustained after 
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Table 2. Induction or ProvocatIOn of Arrhythmia in 19 Patients 
Documented Programmed 
Ca,e Arrhythmia StImulation Isoproterenol Treadmill 
PAF PAF, AVRT None 
2 PAF PAF None 
3 PAF PAF PAF 
4 PAF PAF None 
5 PAF PAF PAF 
6 PSVT AVRT (atropme) PSVT 
7 PSVT None PSVT 
8 PSVT A VRT (Isoproterenol) None 
9 PSVT A VRT (atropine) None 
10 PSVT AVRT None 
II VT None None None 
12 VT VT VT VT 
13 VT None None None 
14 VT None VT VT 
15 VT VT VT None 
16 VT VT VT VT 
17 VT None None VT 
18 VT VT None 
19 VF None None None 
AVRT = atrIoventrIcular reentrant tachycardia: - = not given; other abbreviations as in Table 1. 
administration of atropine (two patients) or isoproterenol 
(one patient). Supraventricular tachycardia could not be in•
duced in the patient (Case 7) who had paroxysmal atrial 
tachycardia with A V block. 
Ventricular tachycardia that closely resembled the clin•
ical arrhythmia was induced by programmed ventricular 
stimulation in four of the eight patients with documented 
ventricular tachycardia. Induced tachycardia was sustained 
in two patients (Cases 15 and 18), both of whom had had 
sustained tachycardia, and was non sustained in two patients 
(Cases 12 and 16), one of whom had had sustained tachy•
cardia (three ventricular extrastimuli were used in Patient 
12), Ventricular arrhythmias were not induced in the other 
four patients with documented ventricular tachycardia or in 
the patient (Case 19) with documented ventricular fibrillation, 
Isoproterenol infusions (Table 2). Isoproterenol was 
infused in seven patients with documented ventricular tachy•
cardia, and in four of these patients there was provocation 
of tachycardia that closely resembled clinical tachycardia, 
In three of these four patients (Cases 12, 15 and 16), tachy•
cardia was repetitive, with the first beat of each paroxysm 
resembling subsequent beats, whereas in the other patient 
(Case 14) tachycardia appeared to be initiated by a ventric•
ular premature beat that had a different configuration from 
that of subsequent beats (Fig, I). Ventricular arrhythmia 
was not provoked by isoproterenol in the other three patients 
(Cases 11, 13 and 17) with documented ventricular tachy•
cardia, or in the patient (Case 19) with documented ven•
tricular fibrillation, 
Treadmill exercise testing (Table 2). Treadmill exer•
cise testing reproducibly provoked tachyarrhythmia that 
closely resembled clinical arrhythmia in 8 (42%) of the 19 
patients, including 2 of the patients with paroxysmal atrial 
fibrillation, 2 of those with paroxysmal supraventricular 
tachycardia and 4 of those with ventricular tachycardia, In 
each of the four patients with treadmill-provoked ventricular 
tachycardia, the tachycardia was repetitive, with the first 
beat of each paroxysm resembling subsequent beats (Fig, 
I). Three of these four patients had also had ventricular 
tachycardia during isoproterenol infusion, In the eight pa-
Figure 1. Rhythm strip~ from Patient 14. The top panel shows 
sinu~ rhythm during the control period (left) and onset of ventric•
ular tachycardia during infusion of isoproterenol at a rate of 5 
ILg/min (right). Note that the first beat of tachycardia (asterisk) 
does not resemble subsequent beats. Dark lines are at I second 
intervals. The bottom panel shows sinus rhythm during rest (left) 
and onset of ventricular tachycardia during treadmill exercise (right). 
Dark lines are at 0.2 ~econd intervals. 
Isoproterenol 
* 
TreadmIll exercIse 
Rest 
lUll
'",,' ", 
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tients with treadmill-provoked tachyarrhythmia, the onset 
of arrhythmia occurred at 8 to 18 metabolic equivalents 
(METS) (mean 13 ± 3). The other 11 patients completed 
13 to 18 METS (mean 15 ± 3) without provocation of 
arrhythmia. These high levels of exercise were consistent 
with the athletic training of these patients. 
Discussion 
Arrhythmias in athletes. Trained athletes differ from 
untrained individuals in several respects. Athletes can achieve 
higher levels of exercise (with greater maximal rates of 
oxygen consumption) and tertd to have increased ventricular 
volume and mass (1-3). In addition, there is an association 
between athletic training and the occurrence of brady•
arrhythmias (12-15). For example, we recently performed 
24 hour ambulatory electrocardiographic recordings in 20 
long distance runners aged 19 to 28 years and found that 
the runners had a higher prevalence of marked sinus brady•
cardia and type I second degree A V block than did untrained 
persons of similar age (15). In contrast, it is not clear whether 
the prevalence of tachyarrhythmias is higher in athletes than 
in untrained individuals, and our study does not address this 
question. However, as we have reviewed our experience 
with tachyarrhythmias in young trained athletes. we have 
asked whether these arrhythmias differ from the tachyar•
rhythmias seen in young untrained individuals. 
We found that the 19 athletes (like untrained young in•
dividuals referred to our laboratory) had a variety of tach•
yarrhythmias: 5 had paroxysmal atrial fibrillation, 5 had 
paroxysmal supraventricular tachycardia, 8 had ventricular 
tachycardia and 1 had ventricular fibrillation. Fifteen (79%) 
of the 19 athletes had iderttifiable substrates that could have 
been related to the occurrence of tachyarrhythmia. Five 
athletes had an anomalous A V pathway (manifest or con•
cealed). These anomalous pathways were clearly related to 
the occurrence of supraventricular tachycardia (A V reentrant 
tachycardia) in four athletes and were probably related to 
the occurrence of paroxysmal atrial fibrillation in one athlete 
(it is likely that A V reentrant tachycardia initiates atrial 
fibrillation in some patients with manifest pre-excitation) 
(16). Of the 14 athletes who did not have an anomalous 
pathway, 10 had demonstrable cardiac abnormalities (usu•
ally mitral valve prolapse) that could have been related to 
the occurrence of tachyarrhythmia. It is unlikely that the 
presence of an anomalous pathway or mitral valve prolapse 
can be attributed to athletic training, and one or the other 
of these abnormalities is frequently demonstrated in young 
untrained individuals with symptomatic tachyarrhythmia. 
The tachyarrhythmias of many of our athletes had one 
striking feature, namely, a relation to exercise. Thirteen 
(68%) of the 19 athletes reported that each attack of symp•
tomatic tachycardia had begun during or immediately after 
strenuous physical exertion. In these 13 athletes tachycardia 
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occurred only sporadically with exertion; that is, none had 
tachycardia during every peribd of exercise. Nevertheless, 
we have noted a similar relation between the onset of tachy•
arrhythmia and exertion only occasionally in young un•
trained individuals. 
Specific arrhythmias. Ventricular tachycardia. Sev•
eral different varieties of symptomatic ventricular tachy•
cardia have recently been emphasized (9,17-23). One of 
these varieties can be induced by programmed ventricular 
stimulation and probably usually reflects reentry (17,18). 
This variety of tachycardia typically arises in the left ven•
tricle (or the interventricular septum) and is usually asso•
ciated with chronic ischemic heart disease. Attacks of this 
variety of tachycardia are usually unrelated to exercise, and 
treadmill exercise or isoproterenol infusion rarely provokes 
the arrhythmia (24). Another variety Df symptomatic ven•
tricular tachycardia is exercise provoked. As described by 
Palileo et al. (9) and Wu et al. (23), patients with this variety 
of tachycardia have been remarkably homogeneous: they 
have been young (sometimes athletic) and have had a paucity 
of heart disease. Their tachycardias have originated in the 
outflow tract of the right ventricle and have not been induced 
by programmed ventricular stimulation, although they have 
been reproducibly provoked by treadmill exercise or iso•
proterenol infusion. Administration of propranolol or ve•
rapamil has prevented the occurrence of ventricular tachy•
cardia with exercise, whereas class I antiarrhythmic drugs 
have usually been ineffective. This latter variety of symp•
tomatic ventricular tachycardia could reflect catecholamine•
enhanced automaticity or triggered activity due to delayed 
afterdepolarizations. 
As a group, our eight athletes with symptomatic ven•
tricular tachycardia resembled the patients described by 
Palileo etal. (9) and Wu etal. (23): our athletes were young 
and free of serious heart disease, and seven of the eight had 
a history suggesting that attacks of ventricular tachycardia 
had been related to exercise. However, the other findings 
in our athletes were not so homogeneous. Although the 
configuration of the tachycardia was consistent with an or•
igin in the outflow tract of the right ventricle in several 
athletes, in two athletes it resembled right bundle branch 
block. In addition. even in the athletes with a history sug•
gesting exercise-provoked ventricular tachycardia, tachy•
cardia sometimes could not be provoked by treadmill ex•
ercise or isoproterenol (this was consistent with the sporadic 
occurrence of tachycardia with exercise in these patients). 
Ventricular tachycardia was induced by programmed ven•
tricular stimulation in four athletes. In three of these four 
athletes, ventricular tachycardia was also reproducibly pro•
voked by treadmill exercise or with isoproterenol. In these 
three athletes, ventricular tachycardia could have reflected 
reentry, abnormal automaticity or triggered activity. Exer•
cise or isoproterenol could improve conduction in a reentrant 
pathway or could produce ventricular premature beats that 
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initiate reentry. Alternatively, programmed ventricular stim•
ulation could directly relate to triggered activity or could 
indirectly enhance automaticity by causing hypotension and 
release of endogenous catecholamines. Although our study 
does not provide new information regarding possible mech•
anisms of ventricular tachycardia, it does suggest that as•
cribing this arrhythmia to reentry, automaticity or triggered 
activity, based on responses to programmed ventricular 
stimulation or infusion of catecholamines, may frequently 
be an oversimplification. 
Supraventricular tachycardia. Exercise-provoked sus•
tained supraventricular tachycardia has been reported only 
rarely (25-27). Therefore, it is striking that three of our five 
athletes with documented paroxysmal supraventricular 
tachycardia reported that all attacks of symptomatic tachy•
cardia had begun during strenuous exercise (tachycardia was 
reproducibly provoked by treadmill exercise in two of these 
three patients). In two patients (Cases 6 and 9), the path•
ophysiology of exercise-provoked supraventricular tachy•
cardia seems clear. Although each of these patients had an 
anomalous pathway, sustained reentrant tachycardia could 
not be induced during control electrophysiologic studies 
because A V node refractoriness was too long. However, in 
these patients sustained tachycardia was induced after 
administration of atropine, suggesting that tachycardia had 
occurred only during exercise because vagal withdrawal (or 
increased sympathetic tone) was necessary for tachycardia 
to be sustained. The other athlete (Case 7) with exercise•
provoked supraventricular tachycardia had paroxysmal atrial 
tachycardia (with A V block) that could not be induced with 
programmed atrial stimulation. In this patient, atrial tachy•
cardia may have reflected an automatic mechanism that was 
enhanced by catecholamines. 
Atrial fibrillation. Because exercise-provoked sustained 
atrial fibrillation has been only rarely reported (25,28), it is 
striking that two of our five athletes with paroxysmal atrial 
fibrillation (Cases 4 and 5) had a history suggesting exercise 
provocation and that atrial fibrillation was reproducibly pro•
voked by treadmill exercise in two athletes (Cases 3 and 
5). The induction of atrial fibrillation by programmed atrial 
stimulation in all five athletes with paroxysmal atrial fi•
brillation is not surprising, because it has been suggested 
that it may be possible to induce atrial fibrillation in all 
patients, including those who have never had atrial fibrillation. 
Clinical implications. In the present study, we found 
that our young ttained athletes had specific tachyarrhythmias 
and substrates for tachyarrhythmias that were remarkably 
similar to those of young untrained individuals referred to 
our laboratory. However, the tachyarrhythmias of many of 
the athletes had a relation to exercise. Although our study 
lacks a control group of untrained individuals for compar•
ison, we think that a relation between tachyarrhythmia and 
exercise, noted in many of our athletes, is quite rare in 
untrained individuals. We also noted that the tachyarrhyth•
mia of the athletes frequently had occurred only during very 
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strenuous exercise associated with athletic training, and that 
when it occurred during treadmill exercise the onset was 
usually at a high level of exercise (13 ± 3 METS). These 
findings imply that some of our athletes, although predis•
posed to tachyarrhythmias, might never have had attacks if 
they did not occasionally achieve high levels of exercise. 
If this is true, it could explain a possible association between 
athletic training and several varieties of tachyarrhythmia. 
This matter requires further study. 
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